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MEMS DEVICE FOR HARVESTING SOUND
ENERGY AND METHODS FOR
FABRICATING SAME

TECHNICAL FIELD

The technical field generally relates to Micro-Electro-
Mechanical-Systems (MEMS), and more particularly relates
to the use of MEMS devices for harvesting sound energy and
to methods for fabricating such MEMS devices.

BACKGROUND

Research and development in microelectronics have con-
tinued to produce astounding progress in MEMS technol-
ogy. MEMS technologies are becoming ever more prevalent
in society every day. Use of MEMS technology has limitless
applications through modular measurement devices such as
accelerometers, gyroscopes, actuators, microphones, and
sensors ncluding pressure sensors and inertial sensors.

Likewise, applications for miniature sensors are wide
ranging and include embedded sensors. One area of interest
involves providing required electrical power to embedded
sensors. Conventional power supplies, such as batteries, can
be disposed external to sensors. Batteries are not generally
a viable solution for devices such as embedded sensors.
Batteries contain a finite amount of energy and have a
limited lifetime. Batteries also can contain hazardous chemi-
cals, can be quite bulky and can fail without notice.

For those applications in which sensors are completely
embedded 1n a structure with no physical connection to a
location outside the structure or in which sensors are embed-
ded 1 moving locations, supplying power 1s generally
difficult. As a result, these sensors typically need their own
self-powered power supply.

Further, some applications utilize a large network of
sensors, such those with thousands of sensors. It 1s 1mprac-
ticable to manage and replace batteries for such a large
number of sensors. Therefore, a self-powered power supply
would allow for expanded use of large networks of sensors
by alleviating battery maintenance concerns.

Accordingly, it 1s desirable to provide MEMS devices for
harvesting sound energy and methods for fabricating such
MEMS devices. Further, 1t 1s desirable to provide a mono-
lithic MEMS device including a suspended structure and
prool mass that are adjusted to have a resonant frequency
that matches the frequency of sound at a selected location of
use. Furthermore, other desirable features and characteris-
tics will become apparent from the subsequent detailed
description and the appended claims, taken in conjunction
with the accompanying drawings and this background.

BRIEF SUMMARY

MEMS devices for harvesting sound energy and methods
for fabricating MEMS devices for harvesting sound energy
are provided. In an embodiment, a method for fabricating a
MEMS device for harvesting sound energy includes forming
a pressure sensitive MEMS structure disposed over a semi-
conductor substrate and including a suspended structure 1n a
cavity. Further, the method includes etching the semicon-
ductor substrate to form an acoustic port through the semi-
conductor substrate configured to allow acoustic pressure to
deflect the suspended structure.

In another exemplary embodiment, a method for fabri-
cating an integrated circuit for harvesting sound energy is
provided. The method includes 1dentifying a selected fre-
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2

quency ol sound. Further, the method includes forming a
pressure sensitive MEMS structure disposed over a semi-
conductor substrate and including a suspended structure. As
formed, the suspended structure has a resonant frequency.
The method further includes forming a prool mass on the
suspended structure to adjust the resonant frequency of the
pressure sensitive MEMS structure to a desired resonant
frequency matching the selected frequency. Also, the
method 1ncludes etching the semiconductor substrate to
form an acoustic port through the semiconductor substrate
configured to allow acoustic pressure to deflect the sus-
pended structure.

In yet another exemplary embodiment, a sound energy
harvesting MEMS device 1s provided. The sound energy
harvesting MEMS device includes a semiconductor sub-
strate and a pressure sensitive MEMS structure disposed
over the semiconductor substrate and including a suspended
structure 1n a cavity. The sound energy harvesting MEMS
device further includes an acoustic port through the semi-
conductor substrate establishing an open, structure-iree con-
duit suitable to allow acoustic pressure to deflect the sus-
pended structure.

This summary 1s provided to introduce a selection of
concepts 1 a sumplified form that are further described
below 1n the detailed description. This summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments will hereinafter be described 1n
conjunction with the following drawing figures, wherein like
numerals denote like elements, and wherein:

FIG. 1 1s a flow chart illustrating a method for fabricating
an integrated circuit with a sound energy harvesting MEMS
device according to an embodiment herein;

FIGS. 2-15 illustrate cross sectional views of processing
of an integrated circuit for forming a sound energy harvest-
ing MEMS device according to an embodiment herein

FIG. 16 provides a bottom view ol an embodiment of a
suspended structure and proof mass for a sound energy
harvesting MEMS device; and

FIG. 17 provides a circuit diagram showing use of a sound
harvesting MEMS device for powering a sensor or an RF
front end module according to an embodiment herein.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary in
nature and 1s not intended to limit the MEMS devices for
harvesting sound energy and methods for fabricating MEMS
devices for harvesting sound energy. Furthermore, there 1s
no 1tention to be bound by any expressed or implied theory
presented 1n the preceding technical field, background or
brief summary, or in the following detailed description.

For the sake of brevity, conventional techniques related to
conventional device fabrication may not be described 1n
detail herein. Moreover, the various tasks and process steps
described herein may be incorporated into a more compre-
hensive procedure or process having additional steps or
functionality not described in detail herein. In particular,
various steps 1n the fabrication of MEMS devices are
well-known and so, in the 1nterest of brevity, many conven-
tional steps will only be mentioned briefly herein or will be
omitted entirely without providing the well-known process
details. Further, 1t 1s noted that integrated circuits include a
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varying number of components and that single components
shown 1n the illustrations may be representative of multiple
components.

As used herein, 1t will be understood that when an element
or layer 1s referred to as being “over” or “under” another
clement or layer, 1t may be directly on the other element or
layer, or mterveming elements or layers may be present.
When an element or layer 1s referred to as being “on”
another element or layer, 1t 1s directly on and 1n contact with
the other element or layer. Further, spatially relative terms,
such as “upper”, “over”, “lower”, “under” and the like, may
be used heremn for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as illustrated 1n the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device 1n use or operation 1n
addition to the orientation depicted in the figures. For
example, 11 the device 1n the figures 1s turned over, elements
described as being “under” other elements or features would
then be oriented “above” the other elements or features.
Thus, the exemplary term “under” can encompass either an
orientation of above or below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly.

As described herein, an exemplary MEMS device 1s
provided with a suspended structure and proof mass that are
formed with a resonant frequency. As used conventionally,
a prool mass or test mass 1s a known quantity of mass used
in a measuring instrument as a reference for the measure-
ment of an unknown quantity. The suspended structure and
prool mass are adjustable to provide a selected resonant
frequency, such as a resonant frequency that matches the
frequency of sound at a selected deployment location of the
MEMS device. Further, 1n an exemplary method, the MEMS
device encloses the suspended structure in a cavity over a
semiconductor substrate before etching the semiconductor
substrate to form an acoustic port through the semiconductor
substrate. The port 1s configured to allow acoustic pressure
to deflect the suspended structure as a result of pressure
differential between the atmosphere and the cavity. For
example, the port forms a pathway of a fluid medium, such
as air, through which sound waves can move to deflect the
suspended structure. As used herein, a suspended structure
may be a cantilever, a diaphragm, or the like. In a suspended
structure, a portion of the structure 1s located within a cavity
or between cavities such that the portion may move within
the cavity or cavities. The movable portion of a diaphragm-
type suspended structure may be fully structurally connected
to non-movable portions of the structure around its periph-
ery such that the lower cavity below the suspended structure
1s completely separated from the upper cavity above the
suspended structure. Alternatively, the movable portion of a
cantilever-type suspended structure includes a free end, or
ends, that 1s not structurally connected to non-movable
portions of the structure 1n at least one direction such that the
lower cavity and upper cavity are in fluid communication.

FIG. 1 provides a flow chart for a method for fabricating
an itegrated circuit for harvesting sound energy. As shown,
the method 2 includes identifying a selected frequency of
sound at action block 3. For example, for deployment of a
sensor and MEMS device at a selected location, analysis
may be performed to i1dentily the frequency of sound most
typically encountered at that location. An exemplary loca-
tion 1ncludes a vehicle such as an airplane, a helicopter, an
automobile, a ship; tunnel; an airport; shipyard; a factory; or
any other location where substantial sound 1s generated.
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4

As shown, the method 2 further includes forming a
pressure sensitive MEMS structure disposed over a semi-
conductor substrate at action block 4. The pressure sensitive
MEMS structure includes a suspended structure, such as a
diaphragm, cantilever or the like. The suspended structure
has a resonant frequency as constructed. The resonant fre-
quency of a suspended structure can be determined using
conventional testing processes. For example, the resonant
frequency of a suspended structure 1s proportional to the
square root of the stiflness of the suspended structure
divided by the mass of the suspended structure.

The method 2 further includes adjusting the resonant
frequency of the suspended structure to a desired resonant
frequency matching the selected frequency by forming a
prool mass on the suspended structure at action block 5. The
resonant frequency of the suspended structure, including the
prool mass, 1s proportional to the square root of the stiflness
of the suspended structure divided by the mass of the
suspended structure, including the mass of the proof mass.
Thus, the resonant frequency can be adjusted by forming a
desired prool mass through appropriate lithography and
ctching. The piezoelectric material and the thickness of the
piezoelectric material also aflect the resonant frequency
through contributing to the mass and stiflness of the overall
suspended structure.

At action block 6, the method 2 includes forming an
acoustic port through the semiconductor substrate. The
acoustic port 1s configured to allow acoustic pressure to
deflect the suspended structure. In other words, sound waves
may propagate through a fluid 1n the acoustic port, such as
air, and 1nto contact with the suspended structure. As a sound
wave 15 formed of compression regions of high air pressure
and rarefaction regions of low air pressure, when these
regions ol acoustic pressure reach the pressure sensitive
MEMS structure, they cause detlection of the suspended
structure.

FIGS. 2-15 illustrate a portion of an integrated circuit
during formation of a pressure sensitive MEMS structure as
described above. In FIG. 2, the partially fabricated inte-
grated circuit 10 includes a substrate 11, such as a semicon-
ductor substrate. As used herein, the term “semiconductor
substrate” encompasses semiconductor materials conven-
tionally used 1n the semiconductor industry from which to
make electrical devices. Semiconductor materials include
monocrystalline silicon maternials, such as the relatively pure
or lightly impurity-doped monocrystalline silicon materials
typically used in the semiconductor industry, as well as
polycrystalline silicon materials, and silicon admixed with
other elements such as germanium, carbon, and the like. In
addition, “semiconductor material” encompasses other
materials such as relatively pure and impurity-doped ger-
mamum, gallium arsenide, zinc oxide, glass, and the like. In
an exemplary embodiment, the semiconductor material 1s a
silicon substrate, such as crystalline silicon. The silicon
substrate may be a bulk silicon wafer or may be a thin layer
of silicon (on an insulating layer commonly known as
silicon-on-insulator or SOI) that, 1n turn, 1s supported by a
carrier wafer. As referred to herein, a material that includes
a recited element/compound includes the recited element/
compound 1n an amount of at least 10 weight percent based
on the total weight of the material unless otherwise indi-
cated.

In FIG. 2, the exemplary substrate 11 1s a SOI substrate
including a carrier layer 12, an insulator layer 13, and a
semiconductor layer 15. In an exemplary embodiment, the
carrier layer 12 has a thickness of from about 3500 to about
1000 um, such as about 725 ym. In an exemplary embodi-
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ment, the msulator layer 13 has a thickness of from about 0.5
to about 3 um, such as about 1 um. In an exemplary
embodiment, the semiconductor layer 15 has a thickness of
from about 10 to about 40 um, such as from about 15 to
about 20 um.

As shown, a bottom electrode layer 17 1s formed over the
semiconductor layer 15. An exemplary bottom electrode
layer 17 1s molybdenum. The bottom electrode layer 17 may
be any other conductive material such as metal suitable for
use 1n a MEMS device. In an exemplary embodiment, the
bottom electrode layer 17 1s formed directly on the semi-

conductor layer 15.
In FIG. 2, a MEMS device layer 19 1s formed over the

bottom electrode layer 17. An exemplary MEMS device
layer 19 1s aluminum nitride (AIN). The MEMS device layer
19 may be any other material suitable for use 1 a MEMS
device, such as lead zirconate titanate (PZT) or another
suitable piezoelectric matenial. In an exemplary embodi-
ment, the MEMS device layer 19 1s formed directly on the
bottom electrode layer 17.

A top electrode layer 21 1s formed over the MEMS device
layer 19. An exemplary top electrode layer 21 may be
formed from the same material as the bottom electrode layer
17. For example, the top electrode layer 21 may be molyb-
denum. The top electrode layer 21 may be any other
conductive material (e.g., aluminum, copper, or alloys
thereot) such as metal suitable for use in a MEMS device.
In an exemplary embodiment, the top electrode layer 21 1s
formed directly on the MEMS device layer 19.

In FIG. 3, the top electrode layer 21 is etched to form a
top electrode 23. Although not shown, in an exemplary
embodiment, a mask (not shown) such as a photoresist mask
1s deposited and patterned over the top electrode layer 21
betore the top electrode layer 21 1s etched to form the top
clectrode 23. Then, a dielectric layer 25 1s deposited over the
top electrode 23 and MEMS device layer 19, as shown in
FIG. 3. An exemplary dielectric layer 25 1s silicon oxide. As
shown, the dielectric layer 25 includes a raised portion 26
lying directly over the top electrode 23.

In FIG. 4 and with continued reference to FIG. 3, the
partially fabricated integrated circuit including 10 1s pla-
narized, such as by chemical mechanical planarization
(CMP). The planarization process eliminates the raised
portion 26 of the dielectric layer 25 and forms the dielectric
layer 25 with a planar upper surface 27.

The method may continue 1n FIG. 5 by etching a contact
window 29 into the dielectric layer 25 overlying the top
clectrode 23. For example, a mask such as a photoresist
mask may be deposited and patterned over the dielectric
layer 235 before the dielectric layer 25 1s selectively etched
to form the contact window 29 landing on the top electrode
23. The mask may then be removed.

In FIG. 6, another etch process 1s used on another region
of the partially fabricated itegrated circuit 10. For example,
another mask such as a photoresist mask may be deposited
and patterned over the dielectric layer 25 outside of top
clectrode 23. Then an etch process 1s performed to etch
through the dielectric layer 25 and MEMS device layer 19
to form a contact window 31 landing on the bottom electrode
layer 17. The mask may then be removed.

A contact material 35 1s then blanket deposited over the
partially fabricated integrated circuit 10 i FIG. 7. An
exemplary contact material 1s a metal such as aluminum,
copper or tungsten. In FIG. 8, the contact material 35 1is
patterned to form a patterned layer 37 of contact material.
Portions of the patterned layer 37 of contact material may
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form contacts to the top electrode 23 and bottom electrode
layer 17 or to form MEMS device structures.

In FIG. 9, trenches 41 are etched through the dielectric
layer 25, MEMS device layer 19, bottom electrode layer 17,
semiconductor layer 15 and insulator layer 13 outside of top
clectrode 23 to land on carrier layer 12. The trenches 41 are
formed to define and isolate various MEMS device struc-
tures formed from the etched layers, such as flexible struc-
tures ol different energy harvester designs (diaphragms,
cantilevers, etc.).

Referring to FIG. 10, a second substrate 51, such as a
semiconductor substrate, 1s processed. It 1s to be appreciated
that various fabrication techniques may be conducted in
accordance with the methods described herein to form the
semiconductor substrate 51 as shown. An exemplary sub-
strate 1s formed by high resistivity silicon, such as silicon
having resistivity greater than 40 €2-cm. An exemplary
semiconductor substrate 51 1s a bulk silicon wafer. An
exemplary semiconductor substrate has a thickness of from
about 250 to about 1000 microns, such as from about 400 to
about 600 microns. An msulator layer 33 may be formed on
the substrate 51. An exemplary 1nsulator layer 53 1s silicon
oxide.

FIG. 10 1s illustrated with the second substrate 51 1n an
orientation 1 which bonding to the substrate 11 may be
performed. During processing, the second substrate 51 may
be mverted to facilitate formation of structures and layers
55, 57 and 59. For example, various masking and etching
techniques may be performed to form extension portions 55
of the second substrate 51. Then a dielectric layer 57 may be
deposited over the second substrate 51. An exemplary
dielectric layer 57 1s silicon oxide. Further, a bonding layer
59 may be deposited over the dielectric layer 57. An
exemplary bonding layer 59 1s germanium. Then, the bond-
ing layer 59, dielectric layer 37 and substrate 31 may be
etched to form trenches 61.

In FIG. 11, the second substrate 51 1s bonded to the first
substrate 11. For example, the second substrate 51 may be
bonded to the first substrate 11 via eutectic bonding. In FIG.
11, the bonding layer 59 of the second substrate 51 1s bonded
to the patterned layer 37 of contact material over the
substrate 11. As a result, cavities 65 are defined and com-
pletely bounded by the structures of the first substrate 11 and
the second substrate 51. For example, a cavity 65 1s formed
from trench 41 and trench 61. Also, a layer may be deposited
on the back side 69 of the substrate 11 and etched to form
contact pads 71. Exemplary contact pads 71 are formed from
a metal such as aluminum, copper or tungsten.

The method may continue 1n FIG. 12 with a back side etch
process. Specifically, the back side 69 of the first substrate
11 1s etched such as by a deep reactive-ion etch (DRIE)
process. As a result, trenches 73 are formed through the first
substrate 11 and in communication with trenches 41 passing
through layers 25, 19, 17, 15 and 13. This etch process
releases MEMS device structures 75 from one another. Also,
the etch process may form a cavity 77 through the substrate
11 and insulator layer 13.

In FIG. 13, a third substrate 81, such as a semiconductor
substrate, 1s processed. It 1s to be appreciated that various
fabrication techmques may be conducted 1n accordance with
the methods described herein to form the semiconductor
substrate 81 as shown. An exemplary substrate 1s formed by
high resistivity silicon, such as silicon having resistivity
greater than 40 Q2-cm. An exemplary semiconductor sub-
strate 81 1s a bulk silicon water. An exemplary semiconduc-
tor substrate has a thickness of from about 250 to about 1000
microns, such as from about 400 to about 600 microns. An
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insulator layer 83 may be formed on the substrate 81. An
exemplary insulator layer 83 1s silicon oxide.

The third substrate 81 1s etched to form extension portions
85. Then, a dielectric layer 87 may be deposited over the
third substrate 81. An exemplary dielectric layer 87 1s silicon
oxide. Further, a bonding layer 89 may be deposited over the
dielectric layer 87. An exemplary bonding layer 89 1is
germanium. Then, the bonding layer 89, dielectric layer 87
and substrate 81 may be etched to form trenches 91.

The method may continue 1 FIG. 14 with bonding the
third substrate 81 to the first substrate 11. For example, the
third substrate 81 may be bonded to the first substrate 11 via
cutectic bonding. In FIG. 14, the bonding layer 89 of the
third substrate 81 1s bonded to the contact pads 71 on
substrate 11. As a result, the cavities 65 are hermetically
sealed and completely bounded by the structures of the first
substrate 11 and the second substrate 51.

In FIG. 15, a back side etch of third substrate 81 1is

performed. An exemplary back side etch 1s performed by a
DRIE process. The etch process forms an acoustic port 90
through the insulator layer 83 and third substrate 81. As
shown, the acoustic port 90 1s 1 fluid communication with
the cavity 65 and the cavity 77. As a result, a sound wave
propagating through acoustic port 90 may detlect the MEMS
device structure 75 formed between cavity 65 and cavity 77,
1.e., MEMS acoustic energy harvester 75.

It 1s noted that the portion of the semiconductor layer 15,
bottom electrode layer 17, MEMS device layer 19 and top
clectrode 23, and dielectric layer 25 located between cavity
65 and cavity 77 1n FIG. 15 form a suspended structure 92
of the MEMS device structure 75. Further, the portion of the
substrate 11 connected to the suspended structure 92 of
MEMS device structure 75 forms a proof mass 94 for the
MEMS device structure 75. The dimensions of the cavity 77
may be adjusted during the etching process shown 1n FIG.
12 to adjust the resonant frequency of the MEMS acoustic
energy harvester 75 formed between cavity 63 and cavity 77.

While the MEMS acoustic energy harvester 75 of FIG. 15
1s shown with a cantilever-type suspended structure 92, an
exemplary embodiment provides a split-diaphragm-type
suspended structure 92. A bottom view of such a structure 1s
illustrated 1n FIG. 16. As shown, the proof mass 94 may be
formed with four disconnected portions 96. Further, the
suspended structure 92 1s formed with two intersecting gaps
or openings 98 that define independently movable sus-
pended portions 99. A disconnected portion 96 of the proof
mass 94 1s located on each suspended portion 99 of the
structure 92. As shown, the suspended portions 99 may be
connected near a circumierential edge of the structure 92.
The shape of the proof mass 94 and suspended structure 92
may 1nclude other variations to optimize energy harvesting,
from detlection due to acoustic pressure.

Deflection of any disconnected portion 96 of the proof
mass 94 leads to charge generation due to the piezoelectric
ellect. The charge can be used to generate power. As a result,
power 1s harvested from acoustic pressure. The top electrode
pattern can be optimized to increase the open circuit voltage
of the energy harvester

FIG. 17 illustrates a circuit 100 in which an energy-
harvesting MEMS device may be used. As shown, the
MEMS device 110 1s electrically connected through a rec-
tifying bridge 120 to a storage capacitor 130, and charging
controller 140. The charging controller 140 includes a
voltage detector 144 and switch 146 and 1s further electri-
cally connect to a RF front end module or sensor 150 and
antenna 160 as shown. Fach element of the circuit 100 of
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may be fabricated in the method of fabricating integrated
circuit 10 as 1s well understood.

As described herein, self-powered systems can convert
energy Irom an existing source of sound energy into a
different form of energy, such as electrical energy, using the
described MEMS device. The devices described herein may
generate 1 microwatt of power from 130 decibels over a ten
square centimeter suspended structure 1n a continuous mode.

As described herein, devices are provided with a sus-
pended structure formed 1n a cavity and including an acous-
tic port to propagate sound energy to the suspended struc-
ture. Further, such devices are formed from a single
monolithic substrate. Also, an exemplary MEMS device 1s
provided with a proof mass that 1s adjustable 1n size to
provide the suspended structure with a resonant frequency
that match the sound frequency at a deployment location.

While at least one exemplary embodiment has been
presented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of vanations exist. It should
also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limat the scope, applicability, or configuration as
claimed 1n any way. Rather, the foregoing detailed descrip-
tion will provide those skilled in the art with a convenient
road map for implementing the exemplary embodiment or
exemplary embodiments. It should be understood that vari-
ous changes can be made 1n the function and arrangement of
clements without departing from the scope herein as set
forth 1n the appended claims and the legal equivalents
thereof.

What 1s claimed 1s:

1. A method of fabricating a Micro-Electro-Mechanical
System (MEMS) device for harvesting sound energy, the
method comprising:

forming a pressure-sensitive MEMS structure, wherein

forming the pressure-sensitive MEMS structure com-
Prises:

forming the pressure-sensitive MEMS structure on a first

semiconductor substrate;

enclosing an upper portion of a cavity between the first

semiconductor substrate and a second semiconductor
substrate; and

after enclosing the upper portion of the cavity, etching the

first semiconductor substrate to form a lower portion of
the cavity, wherein a suspended structure 1s formed
between the upper portion of the cavity and the lower
portion of the cavity;

alter etching the first semiconductor substrate to form the

lower portion of the cavity and forming the suspended
structure between the upper portion of the cavity and
the lower portion of the cavity, enclosing the lower
portion of the cavity with a third semiconductor sub-
strate; and

ctching the third semiconductor substrate to form an

acoustic port through the third semiconductor substrate
configured to allow acoustic pressure to detlect the
suspended structure.

2. The method of claim 1 further comprising:

bonding a lower side of the first semiconductor substrate

to the third semiconductor substrate; and

wherein etching the third semiconductor substrate to form

the acoustic port comprises:

ctching the first semiconductor substrate and the third

semiconductor substrate to form the acoustic port
through the first semiconductor substrate and through
the third semiconductor substrate.
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3. The method of claim 1 wherein forming the pressure-
sensitive MEMS structure comprises:

forming piezoelectric elements.

4. The method of claim 1 wherein forming the pressure-
sensitive MEMS structure comprises:

forming an aluminum nitride (AIN) or a lead zirconate

titanate (PZT) layer.

5. The method of claim 1 further comprising;:

identifying a selected frequency of sound at a selected

deployment location; and

wherein forming the pressure-sensitive MEMS structure

COmprises:

forming the suspended structure with a resonant Ire-

quency matching the selected frequency of sound.

6. The method of claim 1 wherein forming the pressure-
sensitive MEMS structure comprises:

forming a prool mass on the suspended structure.

7. The method of claim 6 wherein the proof mass includes
a plurality of disconnected portions arranged on the sus-
pended structure.

8. The method of claam 7 wherein the disconnected
portions of the proof mass are arranged on the suspended
structure to adjust a resonant frequency of the suspended
structure.

9. The method of claim 7 wherein the suspended structure
includes a plurality of openings that define a plurality of
independently movable suspended portions, and one of the
disconnected portions of the prootf mass 1s located on each
of the independently movable suspended portions of the
suspended structure.
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